Abstract: This study assessed the change in some environmental parameters in the Plateau region of North-Central Nigeria (Barakinladi, Jos, and Kafachan environs) using the nexus of landcover change, land surface temperature, surface albedo, and topography. The study employed both remote sensing and statistical techniques for the period between 1986 and 2014 to analyze the dynamics between and within these environmental variables. In Barakinladi, the built up landcover change is highest (increasing from 39.53% to 47.59% between 1986 and 2014); LST ranges from 19.09 °C to 38.59 °C in 1986 and from 22. In Kafachan area, the built up landcover occupied 32.95% in 1986 and 39.01% in 2014. Urbanization and agricultural activities, including animal grazing, were responsible for the gradual loss in vegetation and increasing average LST and albedo. The results also revealed that changing landcover and topography have a relationship with surface albedo and land surface temperature, thereby impacting significantly on ecosystem services delivered by the natural system.
Prominent for its rich agricultural land, scenic landforms and friendly environment, the north-central part of the country has been under excessive pressure, although traceable to the nineteenth century, with the advent of farming, cattle herding and the discovery of a large reservoir of tin deposits by the colonialists, has resulted in tin ore excavation pits, overgrazing by large population of cattle, and clearing of forest for cultivation. Recent events have further shown that the region now experiences more serious environmental changes, like flash floods and the drying up of wells [30] . There is also a tremendous decrease in the natural vegetation of the region, dwindling from 33.59% in 1986 to 19.07% in 2007 [31] . In addition, the region has also in recent years been engulfed with debilitating violence attributed to the dwindling natural resources and land availability between the pastoralist settler group and the indigenous farmers [32] .
In spite of these events, few studies have been carried out to assess the nexus between changing climatic parameters (surface temperature and albedo), changing landcover, and the incidence of natural resource conflict in the region. This study thus assesses the nexus between Land Surface Temperature, Surface albedo, and Topography in relation to dwindling resources and ecosystem services as well as the spate of conflicts in the Plateau region of north-central Nigeria.
Experimental Section

Study Area
Location
The study area is located in the north-central part of Nigeria, falling within longitude 7°59′57′′ and 9°15′33′′E and latitude 9°24′59′′ and 10°44′34′′N. Situated on the Jos plateau formation, the area transverses three (3) states in Nigeria, Plateau, Kaduna, and Bauchi ( Figure 1 ). The area is part of the largest region in Nigeria with an elevation over 1000 meters and forms a clearly defined highland area, standing above surrounding plains. It is distinguished by its bounding scarp and bare grassland. The plateau landscape rises steeply from 200 meters around the plains of River Benue in the South to an average height of 1200 meters on the Jos plateau ( Figure 2 ). Its highest point is Mt. Shere (1829 meters). The Jos plateau, in other words, just like other extensive land masses, plays an important role in local and regional climate through thermal forcing mechanisms and with its surface absorbing large amounts of incoming solar radiation energy and undergoing seasonal variations of surface heat fluxes [33] .
Relief and Drainage
The Jos plateau landscape has been divided into three broad (3) physiographic units: hills and mountains, dissected terrain, and undulating terrain. The nature of the relief is closely related to the underlying rock types where the resistant younger and older granites have formed a resistant core through a long erosional history and still form the hill masses of the present landscape rising to over 1500 m. The morphology of these hills is largely controlled by the joint pattern. Over much of the plateau, the underlying rock is obscured by unconsolidated material, and in detail the iron pan largely controls the relief. The drainage system of the plateau is radial and is the source of numerous rivers, including the Kaduna, Karami and N'gell, which feed the Niger River; the Mada, Ankwe, Dep, Shamanker and Wase, which flow into the Benue; the Lere, Maijuju and Bagei, supplying the Gongola; and the Kano, Delimi, Bunga, Jamaari, and Misau, which intermittently nourish Lake Chad. The Plateau's steep, irregular southern slopes have many waterfalls, notably among them is the Gurara falls.
Weather, Climate and Vegetation
The climate on the plateau is semi-temperate, with temperature ranging from 18 °C to 25 °C while rainfall is around 2000 mm in the wetter southwest and declines to around 1500mm in the northeast. Even though the region falls largely within the guinea savannah zone, it possesses an isolated vegetation unit within the entire Guinea-Congolian/Sudanian regional transition zone. The vegetation unit consists mainly of short trees, grasses and the plateau type of mosaic vegetation. Specifically, the vegetation of the Jos plateau reflects interactions with climate, soil and the activities of man. There are six of these complexes, according to Alford and Tuley [34] and they include:
• The plateau complex; this occurs over the central part of the plateau and contains grassland and shrubland.
• The Southwest complex; this occurs in the south-western part of the plateau and is covered with riparian woodland.
• The west escarpment complex; this occurs in the western part of the plateau and is covered with shrubland and riparian woodland.
• The east escarpment complex; this occurs in the eastern part of the plateau and is also covered with shrubland and riparian woodland.
• The Toro complex; this occurs mainly on the mainly on the Mongu plains and is covered by shrubland.
• Alluvial complex; this is found intermittently within other complexes and is covered with riparian woodland.
Human Setting
The study area is originally inhabited by small independent groups, including the Birom, Jerawa, Angas, Goernai, Afizere, Anaguta, Yourn, Bogghom, Rukkuba, Jukum, Pyern, Buji, and Ron, among others. The area's mineral deposit and exceptional climate has overtime attracted numerous groups from all parts of the country and beyond, making the area highly heterogeneous with over 40 ethno-linguistic groups.
With respect to mineral deposit, the plateau is home to numerous mines. Specifically, it was once, one of the world's major suppliers of tin and also has the largest known deposit of columbite. It also contains ore of niobium, as well as smaller quantities of tantalite, tungsten, kaolin, zircon and uranium. Lead and iron ore are also found in the eastern and central plateau region. While the mining sites for most of these mines have been closed, a few of them are still in operation.
Even when the mines were in full operation providing jobs to thousands of people, some inhabitants, especially the indigenes still engaged extensively in farming. With the closure of most of the mines, a great deal of attention has been shifted to agriculture specializing in the production of exotic crops like; Irish potatoes, apples, grapes, wheat, barley and vegetables. In addition, the absence of tsetse fly on the Plateau, due to its high elevation, and the shortage of pasture in the far northern part of the country, due to desertification, has also lured Fulani herdsmen to the area. The area in effect has an estimated cattle population of 1.07 million, half of which graze permanently on the plateau, while the remainder spends the dry season on the rangeland of the Benue plains and move up to the plateau during the wet season.
Methodology
The study made extensive use of Landsat images due to their archival qualities. The study also utilized other spatial data, like ASTERDEM, for the topography assessment. The acquired spatial data were complemented with aspatial data, like population records and other ancillary information. Figure 3 shows the methodological framework for this study. 
Data Acquisition
The Characteristics of the acquired spatial and aspatial data utilized in this study are presented in Table 1 The acquired data were processed as follows:
Landcover Classification
Using bands 7, 4 and 2 of Landsat TM (1986) and Landsat ETM+ (2014), color composites of the area of interest were generated. A hierarchical classification scheme, which takes into consideration the characteristics of the multi-date remotely sensed data and the physical and human setting of the study area, was also developed. The developed classification scheme is a modified USGS (United State Geological Survey) classification scheme with the primary level having the following Landcover classes:
The composed Landsat images (1986 and 2014) were thus classified based on the developed scheme using supervised classification techniques with maximum likelihood classification algorithm in ENVI remote sensing software.
Land Surface Temperature (LST) Computation
To compute the LST, the study adopted the algorithms developed by NASA, (2008) and Artis and Carnahan [35] (Equations (1) and (2)). The LST retrieval process in essence entails the use of the corrected reflectance for the thermal band of Landsat image (Band 6 for TM and Band 10 for Landsat ETM+) in conjunction with the formulae.
where TB = at satellite brightness temperature; Lλ = spectral radiance; λ = 11.457 μm; ρ = 0.01438; and ε = emissivity (0.95).
Albedo Computation
For the computation of albedo, bands 1, 3, 4, 5, and 7 for Landsat TM and Landsat ETM+ were downloaded and converted from .tiff format to .img so as to identify the digital numbers (DN). The converted Landsat bands were then converted to radiance using Equation (3) .
where Lλ = radiance (in watts/(sq. meter × μm × ster); Gain = (Lmax -Lmin)/255; Bias = Lmin; and Dn = Digital Number of the Landsat band. The obtained radiance values for the bands were further processed to obtain the at-surface reflectance (Rλ) for the bands using Equation (4) .
where Rλ = at surface reflectance; π = 3.142; Lλ = radiance calculated with formula (1); d = earth-sun distance; Esun, λ = band-specific radiance emitted by the sun; θSE = Sun elevation angle. During the conversion of the Landsat band from radiance to reflectance, small negative reflectance errors were created. These are not physical and thus would require correction. The reflectance errors were corrected using Equation (5)
The corrected reflectance for bands 1, 3, 4, 5 and 7 were then used to calculate the albedo (α) using Equation (6) [21] . In preparation for data analysis, equal areas covering three major contiguous environments in the study area were delineated from the range of processed raster data to ensure a streamlined, focused and in-depth assessment of the relationship between the parameters of interest. The regions delineated include Jos area and Barakinladi in Plateau state and Kafachan in Kaduna state. These areas were selected based on the following criteria:
• their history of Landcover change and degradation;
• their history of resource conflicts;
• their altitude morphology (Barakinladi having the highest and Kafachan the lowest; and • contiguous socioeconomic activities and settlement characteristics.
To further prepare the data for analysis, the delineated raster data for the three (3) regions, for each parameter and for the two years of interest (1986 and 2014) were all converted to point data for ease of analysis.
Analysis of Inter/Intra-Relationships
Hypotheses to test the impacts of the parameters of interest (Topography, albedo and LST) on landcover for each of the regions, Barakinladi, Jos and Kafachan, were formulated. The hypothesis states that:
Ha: μ1 ≠ μ2≠ μ3 (8) where μ1 = Topography; μ2 = Albedo; μ3 = LST. To test these null hypotheses, the extracted processed data were all imported into the Statistical Package for Social Sciences (SPSS) where the Levene's Test of Homogeneity of Variances, Welch statistic and the single factor ANOVA at an alpha level of .05 was executed to see if a significant difference was present between the Landcover and the other parameters for the two years (1986 and 2014) considered in the study.
A post hoc test (Games-Howell), also at an alpha level of .05, was then performed to test for the particular significant differences between the albedo, LST and topography values associated with the Landcover within and between each image.
LST and Albedo Weighted Average Computation
The weighted average for the LST and albedo for the regions of interest and for the two years were calculated using the formula 9 below:
X1 = % landcover type 1; a1 = % LST or Albedo for land cover 1.
Results and Discussion
Landcover, LST, Albedo and Topography Dynamics in the Study Area
Landcover Change
Tables 2-4 and Figure 4 show the static Landcover in 1986 and 2014 for Kafachan, Barakinladi and Jos, respectively. The trend as depicted shows a continuous reduction in vegetal cover in all the three locations. This can be attributed to intense urban growth and expanding agricultural activities, especially grazing by ever increasing number of cattle in the area. The dynamics is such that while vegetal cover was decreasing (negative change), the built up area on the other hand was increasing (positive change). Continuous reduction in vegetation cover in the region is further exerting other environmental pressures including soil erosion and mass wasting. For instance, gully erosion sites and badlands have been observed to be increasing in Bukuru area of Jos in recent time while agricultural activities including animal grazing were possibly responsible for the gradual increase in unproductive bare surfaces in Kafachan. Figure 4 shows the landcover maps (1986 and 2014) for the three study locations. 
Inter/Intra Relationship between the Parameters
Starting with the Kafachan region in 1986, the results revealed that the built-up landcover had the highest mean elevation values (799.5 m amsl), while water bodies had the lowest mean altitude value (0 m amsl). The trend in the Albedo and LST are similar, with built-up having the highest mean values (0.0789 °C, 30.702 °C) while water body landcover had the lowest values (0.0221 °C, 25.593 °C). This is presented in Table 5 and Figure 8 below. Within the Barakinladi region in 1986, the analyzed data revealed that all landcover types had significantly different mean topography, albedo and LST values (p < 0.001). Specifically, the water body landcover class had the highest mean altitude of 1206.5 m amsl (source of rivers from high elevation) followed by the built-up (1168.1 m amsl), cultivation/bare surface (1160.9 m amsl) and then vegetation (1152.6 m amsl). In the same vein, and with regards to the albedo values, built-up class had the highest mean (0.082), followed by cultivation/baresurface (0.071), vegetation (0.063) and water body (0.039). In the case of the LST values, it was revealed that the built up landcover class had the highest mean values (32.89 °C) while the water body landcover class had the lowest mean LST values (23.94 °C) . This is presented in Table 6 and Figure 9 below. For the Jos region in 1986, the results show that the water body landcover had the highest topography value (1039.6 m amsl). This is due to the fact that many streams take their sources from the upland region. This is followed by cultivation/bare surface (1003.9 m amsl), built-up (999.1 m amsl) and vegetation (953.2 m amsl) ( Table 7) . The albedo and LST of built up areas have the highest mean values while the water body has the lowest mean values, respectively (Figure 10 ). The situation in 2014 in the three regions, just like those of 1986, revealed that all the landcover had significantly different mean topography, albedo and LST values. In Kafachan in 2014, the vegetation, in contrast to other regions, had the highest mean altitude (803.34 m amsl) while the water body landcover had the lowest mean altitude (739.12 m amsl). In the same vein, vegetation had the highest mean albedo and LST value while water body landcover had the lowest mean albedo. This is presented in Table 8 and Figure 11 below. Figure 11 . Landcover, LST, topography and albedo in Kafanchan in 2014.
In Barakinladi, the water body landcover had the highest mean topography (1249.23 m amsl) followed by cultivation/baresurface landcover (1169.38 m amsl), built-up areas (1159.82 m amsl), and lastly vegetation (1158.77 m amsl.). With respect to the mean albedo, the baresurface landcover had the highest value (0.95) while water body had the lowest value (0.52). The baresurface landcover also had the highest LST values (34.89 °C) followed by the builtup landcover, and vegetation (31.72 °C) while the water body had the lowest values (24.12 °C). This is presented in Table 9 and Figure 12 below. The analyzed data for the Jos region in 2014 revealed that the cultivation/bare surface in particular had the highest mean topography values (1012.21 m amsl) while the built-up landcover had the lowest mean topography (984.42 amsl). In the same vein, the water body landcover had the highest mean albedo (0.1070) while cultivation/baresurface had the lowest (0.0983). Water body, however, had the highest mean LST values (35.81 °C) while vegetation had the lowest mean temperature values (34.80 °C) . This is presented in Table 10 and Figure 13 below.
When comparing the topography, albedo and LST values between the three regions, significant differences were also revealed (Table 11) . Explicitly, while vegetation landcover had the highest mean topography in Kafachan (803.3 m), water body had the highest mean topography in Jos (1012.2 m) and Barakinladi (1249.2 m). In the case of albedo and LST values, the built-up and baresurface landcover had the highest mean values in Barakinladi. This was, however, different in Jos where water body had the highest albedo and lowest LST values in 1986 and built-up had the highest albedo and LST values in 2014.
Across the regions, the analyzed data revealed that there is an increase in the values of all parameters under all landcover types (Tables 12 and 13 ). With respect to the weighted averages, it was revealed that there was an increase in the weighted value of albedo and LST in the three regions (Table 14) . Specifically, the study shows that the LST weighted averages increased from 1.2905 to 1.3056 while and albedo weighted averages increased from 1.2125 to 1.5543 in Kafanchan between 1986 and 2014. The same applies to Barakinladi where albedo increased from 1.8420 to 2.5088 and LST from 1.8103 to 2.5088 between 1986 and 2014. In the case of Jos, an increase was also discovered in the weighted values of albedo and LST, where the albedo increased from 2.1356 to 4.4037 and LST increased from 2.136 to 4.2035 between 1986 and 2014. 
Discussion
This study has shown that large-scale landcover change is evident in all the study locations under investigation. It has also intricately revealed that the most affected landcover are the vegetation and built-up landcover with the vegetation landcover decreasing and the built-up landcover increasing. In addition, it has shown that all the changing landcover types differed in their relation to topography, surface albedo and land surface temperature values implying a direct relationship. It has also depicted that surface albedo, LST, and topography differed between the years and within all the landcover types. It thus distinctly confirmed the increasing trend in the values of the parameters under consideration (albedo and LST) from 1986 to 2014.
Even though the results of the study are consistent with previous studies with regards to the relationship between albedo and LST and the landcover types, it has gone ahead of others by including the impact and role of topography in all of these fluxes. In other words, while corroborating the results of earlier studies by asserting that lower albedo are found over vegetated areas while higher albedo were found over bare surface and built up areas and also confirming that built-up and baresurface exhibits the highest mean LST while vegetation and water body portray the lowest mean LST, this study has specifically added to the discussion by revealing a consistency in the impact of topography on the different types of landcover and the resultant impacts on the albedo and LST.
The above-illustrated results, especially those that relate to the nexus between LST value and vegetation landcover as explained by Xu et al. [36] , can be attributed to the dampening effect of vegetation cover due to the cooling effect of shading and evapo-transpiration, which in no small measure explains its low LST values, whereas the high insolation (caused by low cloud cover), low heat capacity, and lack of evaporative cooling (caused by low vegetation cover) of bare surface and built-up areas explain their high temperature. The relatively low temperature of water was also explained by its rather high thermal and evapo-transpiration capacity.
With regards to the impact of topography, van de Kerchove et al. [37] explained that in view of the fact that topography controls surface temperatures by changing the air temperature due to the environmental lapse rate and since surface temperatures are connected to air temperatures, LST tends to decrease with increasing elevation. In the case of the albedo, Kvalevag et al. [38] rightly opined that when surface albedo increases, less solar radiation is absorbed by the surface and the result is a surface cooling. This invariably means that land surface temperature is determined in part by surface albedo, which is how much surface insolation is reflected back to space. Thus, at low albedo more solar energy is absorbed leading to an increase in surface temperature.
Implication for Ecosystem Service Delivery and Resource Conflict
The results of the study as presented have over-riding implications with the increase in LST and albedo and decrease in vegetation and water body land covers advertently affecting ecosystem service delivery in the study area. This is more so as changing land cover, especially in the Jos plateau area, which plays an important role in local and regional climate directly influences weather conditions in the surroundings, either because of varying albedo or varying CO2 exchange between plant respiration processes. Specifically, the implication for ecosystem service delivery comes from the assertion that ecosystems are regulated by climate and climate is to some degree determined by natural ecosystems. In essence, climate variability will cause shifts in the structure, composition, and functioning of ecosystems affecting plants, insects and animals that are highly specialized and adapted to the landscape, with increasing temperature altering their range, type, and number.
Loss of, or decreasing, vegetation cover in the area also propagates land degradation via land surface-atmosphere feedback through reduction in evaporation and increase in the radiation reflected back to the atmosphere (albedo), consequently reducing cloud formation and in essence precipitation. The situation in the area can thus be advertently linked to global environmental change with land cover change at the center, which increases land degradation by reducing cultivable and pasture land or through the immigration especially from the Northern lowlands, which is already seriously suffering from land degradation in the form of desertification. The profound implication of all these is that the ecosystem services (agriculture and grazing land) provided by the land resources in the region are being seriously impacted by excessive competition and overburdening of land resources.
The social dimension to the issue is evident in the rising strings of debilitating conflicts bedeviling the area. Hence, the area which was once prominent for its peaceful, scenic and amiable environment attracting individuals and investments from the world over is being overwhelmed by inter-communal conflicts traceable to 1992 in Kaduna State and 2001 in Plateau State [39] . These conflicts, which unswervingly stem from longstanding disputes over land, political and economic privileges between indigenous groups, who are predominantly farmers, and settler ethnic groups, who are mostly nomads [40] , have resulted in the death of over 10,000 people [39] .
Conclusions
This study analyzed the spatiotemporal dimension of landcover change, land surface temperature and surface albedo in the Plateau region of north-central Nigeria. In addition to ascertaining the multi-correlation of these parameters in similar studies, it has added to it the relevance of topography to explain the observed pattern in the environmental parameters. The connections with change in climate and incidence of conflicts in the region were brought to foreshore. A sustainable regional developmental plan to control anthropogenic activities, including farming and grazing activities, is recommended. This is to sustain, not only the beautiful scenery and aesthetics the region is known for, but also to protect the ecosystem services provided by the environment in an all-encompassing approach.
